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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
UL MIMO is a key future for NR MIMO to improve UL throughput. Before RAN1#91, it was agreed that[1]-[7]:
Agreements:
· For DFT-S-OFDM, use rank 1 precoders from table below for 2 Tx with wideband TPMI only
· Note: in the following table “codebook index” should be called “TPMI index”
[image: ]
Agreements:
· For CP-OFDM
· At least TPMI indices 0-3 for rank 1 and TPMI indices 0 and 1 for rank 2 are used
· One of the two following Antenna port selection mechanisms is supported; 
· Decide among the two alternatives in RAN1# 90bis
· Alt 1: TPMI indices 4 and 5 for rank 1, and 2 for rank 2, from the above table are used for CP-OFDM
· Alt 2: SRI indicates selected antenna ports
Agreements:
· For 2 Tx, use single stage DCI with a semi-statically configured size to convey TPMI, SRI, TRI in Rel-15
· Total combined DCI size of TPMI, TRI, and SRI does not vary with PUSCH resource allocation for single stage DCI
· Specify UE capability identifying if UL MIMO capable UE can support coherent transmission across its transmit chains
· FFS: if UE capability identifies if coherent transmission is supported on all of, vs. none of, vs. on a subset, of its transmit chains
· FFS: how UL MIMO precoding design takes into account the above capability
Agreement:
· For DFT-S-OFDM, support LTE 4Tx rank 1 UL codebook for TPMI 0-15
· Additional codewords for antenna port selection will be also supported
· FFS: Details on the additional codewords for antenna port selection (e.g. number of codewords, scale factors, etc)
Agreement:
· At least for the case where single SRS resource is configured and for DFT-S-OFDM, support additional 4Tx rank 1 codebook below
[image: ]
· Send an LS to RAN4 to inform that RAN1 has agreed to support the above UL codebook (codebook indices 16~27) for 4TX UEs and request feedback from RAN4 (ex: MPR) on feasibility
Agreements:
· For 4 Tx with wideband TPMI, use at least single stage DCI
· FFS for 2 stage DCI
· For wideband TPMI, for NR 4 Tx codebook for CP-OFDM, downselect one of:
· Alt 1: Rel-10 UL, possibly with additional entries: 
· Alt 2: Rel-15 DL, possibly with additional entries: 
· Alt 3: Rel-8 DL, possibly with additional entries
· Evaluate performance of candidate codebooks & decide by RAN1#91
Agreements:
· NR supports 3 levels of UE capability for UL MIMO transmission 
· Full coherence
· All ports can be transmitted coherently
· Partial coherence
· Port pairs can be transmitted coherently
· Non-coherence
· No port pairs can be transmitted coherently
· TPMI codewords from the codebook are used by gNB accordingly
Agreement:
· For 1 SRS resource
· Full coherence
· All ports corresponding to ports in an SRS resource can be transmitted coherently
· Non-coherence
· All ports corresponding to ports in an SRS resource are not transmitted coherently
· Partial coherence
· Ports pairs corresponding to ports in an SRS resource can be transmitted coherently
Agreement:
· In RAN1#91, decision will be made whether, in addition to codebook based transmission using one SRS resource, codebook based transmission using multiple SRS resource including non-coherent inter-SRS resource transmission is supported
· Non-coherent inter-SRS resource transmission: 
· FFS: use of two DCI, with one TPMI per DCI
· One TPMI/TRI per SRS resource is signaled 
· Note: Indication of selection of multiple SRS resources was agreed
Based on the agreements in UL non-codebook based transmission above, we will present our views on the remained issues for UL codebook based transmission
UE capability reporting 
It is possible that there are multiple TX chains within one panel, and multiple panels may be equipped for NR UE. There could be different calibration levels between different TX chains, so different coherent transmission capabilities need be supported for UL transmission. In order for gNB to configure proper transmission type or select proper TPMI for UL transmission, UE should report its coherent transmission capability to gNB. One way is to define different TX chain groups, and Tx chains in each group are calibrated and can support coherent transmission. Based on this information, gNB can select and indicate proper TPMIs to UE for PUSCH transmission.
Proposal 1: UE should report its coherent transmission capability to gNB. 
4Tx codebook for CP-OFDM
Two functionalities, i.e. port selection and port combination, should be supported considering the three coherent transmission type agreed in RAN1#90bis meeting. There may be random phase difference between two TX chains without perfect calibrations. Port combination based full-coherent transmission would suffer performance degradation from phase difference between different TX chains. Port selection is more preferable in this case.
Proposal 2: Both port selection and port combination should be supported for CP-OFDM.
UE may have different antenna or panel structure depending on vendor’s implementation. It is difficult to assume a unified antenna structure for UE, so UL codebook should be designed without assuming a particular physical antenna configuration. Three candidate codebooks, i.e. Rel.10 UL, Rel.8 DL and Rel.15 DL codebook, are set to be downselected for Rel.15 UL transmission. Rel.15 DL codebook assumes cross-polarization Tx antenna configuration, which may not universally hold at the UE side. So Rel.15 DL codebook can be eliminated first. 
Port combination can be achieved by using Rel.8 DL codebook, which is based on simple Householder transform, for all ranks. Besides, it does not assume specific antenna configuration. So Rel.8 DL codebook is applicable for full-coherent transmission.
Observation 1: Full-coherent transmission can be achieved with Rel.8 DL 4Tx codebook.
Proposal 3: Support Rel.8 DL 4Tx codebook for full-coherent transmission.
Rel.10 UL codebook is designed for DFT-s-OFDM waveform, CM preserving is one important property. So port-selection precoders or partial port-combination procoders are included for each rank. 
Observation 2: Partial-coherent transmission can be achieved with Rel.10 UL 4Tx codebook.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Based on the observation and comparison of Rel. 8 DL and Rel. 10 UL codebook. Some entries of rank 1 Rel.10 UL codebook are the same with Rel.8 DL codebook, and the Rel.10 UL codebook can be grouped according to different coherent port numbering schemes. For example, codebook index from 0 to 7 in Table 5.3.3A-2-3[8] correspond to the assumption that port 0&1, and port 2&3 are coherent with each other respectively. Codebook index from 8 to 15 in Table 5.3.3A-2-3[8] correspond to the assumption that port 0&2, and port 1&3 are respectively coherent with each other. In order to efficiently support partial-coherent transmission based on Rel. 10 UL codebook with lower TPMI overhead, especially for frequency selective precoding, we can modify the current Rel.10 UL codebook table with appropriate additions and deletions. 
Take the rank 1 codebook as an example, we can delete the codebook index from 0 to 15, which correspond to full-coherent transmission, and add four additional single port selection codewords. The proposed codebook for rank 1 partial-coherent transmission can be found in Table 1. The codewords from index 8 to 15 are just the version that swapped the second row and the third row of codewords from index 0 to 7 for different UE port numbering. Similar to the rank-1 codebook, partial-coherent codebook for rank 2 and rank 3 are shown in Table 2 and Table 3.
Proposal 4: Support codebook in Table 1/2/3 as UL codebook for partial-coherent transmission.
In order to reduce the TPMI overhead for frequency selective precoding, codebook subset selection should be supported based on UE’s indicator or request. Take the rank-2 codebook as an example. If port 0 and port 1 are coherent, and port 2 and port 3 are coherent. The subset of codebook index from 0 to 7 in Table 2 are used to determine TPMI and TRI. When port 0 and port 2 are coherent, and port 1 and port 3 are coherent, the subset of codebook index from 8 to 15 in Table 2 are used to determine TPMI and TRI. 1 bit can be saved for each TPMI indicate.
Proposal 5: Support codebook subset selection to reduce the TPMI overhead.
[bookmark: _GoBack]Non-coherent transmission can be supported based on both codebook based and non-codebook based transmission. With non-codebook based transmission scheme, gNB should indicate the proper TX port index for each layer. 4 and 5 bits are required for rank-2 and rank-3 transmission. As a comparison, it only takes 3 or 2 bit for codebook based transmission based on the codebook in Table 5 and Table 6 respectively.
Proposal 6: Support codebook in Table 4~7 as UL codebook for non-coherent transmission.
Table 1: 4Tx Codebook for UL partial-coherent transmission with rank 1
	Codebook index
	
Number of layers 

	0 – 7
	

	

	

	

	

	

	

	


	8 – 15
	

	

	

	

	

	

	

	


	16-19
	

	

	

	

	
	
	
	


Table 2: 4Tx Codebook for UL partial-coherent transmission with rank 2
	Codebook index
	
Number of layers 

	0 – 3
	

	

	

	


	4 – 7
	

	

	

	


	8 – 11
	

	

	

	


	12 – 15
	

	

	

	



Table 3: 4Tx Codebook for UL partial-coherent transmission with rank 3
	Codebook index
	
Number of layers 

	0 – 3
	

	

	

	


	4– 7
	

	

	

	



Table 4: 4Tx Codebook for UL non-coherent transmission with rank 1
	Codebook index
	
Number of layers 

	0 – 3
	

	

	

	



Table 5: 4Tx Codebook for UL non-coherent transmission with rank 2
	Codebook index
	
Number of layers 

	0 – 5
	

	

	

	

	

	



Table 6: 4Tx Codebook for UL non-coherent transmission with rank 3
	Codebook index
	
Number of layers 

	0 – 3
	

	

	

	



 Table 7: 4Tx Codebook for UL non-coherent transmission with rank 4
	Codebook index
	
Number of layers 

	0
	




Conclusion
Observation 1: Full-coherent transmission can be achieved with Rel.8 DL 4Tx codebook.
Observation 2: Partial-coherent transmission can be achieved with Rel.10 UL 4Tx codebook.
Proposal 1: UE should report its coherent transmission capability to gNB. 
Proposal 2: Both port selection and port combination should be supported for CP-OFDM.
Proposal 3: Support Rel.8 DL 4Tx codebook for full-coherent transmission.
Proposal 4: Support codebook in Table 1/2/3 as UL codebook for partial-coherent transmission.
Proposal 5: Support codebook subset selection to reduce the TPMI overhead.
Proposal 6: Support codebook in Table 4~7 as UL codebook for non-coherent transmission.
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